Abstract-Measurement of the temperature of the corneal surface during photorefractivekeratectomy (PRK) is thought to be useful for monitoring the corneal ablation process, since the photothermal process has been proposed as the major mechanism of ArF excimer laser ablation. For temperature measurement, we measured thermal radiation from the corneal surface during ArF excimer laser ablation using a mercury-cadmium-telluride detector with a 1-¹s time constant. To investigate the effects of temperature on ablation depth, the ablation depth of the cornea was measured by microscopy. When corneal ablation was initiated at the uence of 65 mJ / cm 2 , the corneal surface temperature rose to 60-70 ± C. The energy required for a unit-depth ablation ( ± C/ ¹m) was lowest at 120 ± C. Monitoring of transient temperature during PRK provides important information on energy-ef cient ablation, which may enable rapid and safe corneal incisions.
INTRODUCTION
Corneal ablation by an ArF excimer laser for refractive error correction has been applied to photorefractive keratectomy (PRK) and laser-assisted in situ keratomileusis (LASIK) , and it has been demonstrated to enable precise shape processing [1 -3] . The ablation is caused by a photothermal mechanism [4 -6] . The temperature of the corneal surface during PRK and LASIK may be an important source of diagnostic feedback information for monitoring the ablation process and surrounding tissue damage. Devices used for corneal temperature measurement in previous studies include a thermocouple and a thermograph [7 -14] . The time constant of the measurement technique using these devices is at most of the millisecond order, whereas the ablation process ends in less than 1 ms [15] . This implies that the reported methods cannot be used to monitor temperature change during ablation. Consequently, the temperature histories obtained by the reported methods may re ect not a mid-ablation state' but a post-ablation state. Thus, temperature measurement with a time constant of the microsecond order is needed to determine the in uence of temperature on the ablation outcome for precise processing of PRK and LASIK.
Thermal radiometry, a temperature measurement technique, is a non-contact and real-time remote-sensing method [16] [17] [18] . This technique may enable measurement of a temperature history with a time constant of microseconds if a fastresponse detector is used.
In the present study, we measured the temperature history per pulse from the in vitro porcine corneal surface using a mercury-cadmium -telluride (MCT) detector with a 1-¹s time constant and we investigated the effects of temperature on ablation depth.
MATERIALS AND METHODS

Sample preparation
Fresh porcine eyes were enucleated within 6 h postmortem. The epithelium was removed with a scalpel blade. During the temperature measurement, the corneas were placed on saline-moistened gauze. The initial temperatures of the corneas were 24 ± C.
Corneal ablation
An ArF excimer laser (wavelength 193 nm; pulse width (FWHM) 13 ns; L4500; Hamamatsu Photonics Co., Ltd, Shizuoka, Japan) was used for corneal irradiation (Fig. 1) . The laser beam was focused onto the corneal surface by a 200-mm focal length silica lens. The beam spot size was 2.4 mm 2 (2.4 mm £ 1.0 mm). The corneal samples were irradiated with a uence ranging from 10 to 300 mJ/cm 2 at a repetition rate of 10 Hz. Three hundred laser pulses per ablation hole were used. The laser pulse energy was measured by an energy meter (10A-P; OPHIR Optronics Ltd, MA, USA).
After the laser irradiation, corneal samples were xed with 4% glutaraldehyde phosphate buffer solution. The xed samples were cut along the vertical section of the ablation hole and the ablation depths of the holes were measured by microscopy.
